Serratia marcescens isolates from 164 patients with suspected nosocomial infection in several hospitals in the greater Paris region were investigated by analysis of the electrophoretically demonstrable allelic variations of gene loci coding for five esterases and five other enzymes. All the loci were polymorphic and the mean number of alleles per locus was 6.1. A total of 72 distinctive electrophoretic types (ETs) representing multilocus genotypes was distinguished. The isolates were divided into two groups according to their resistance to antibiotics: 82 multiresistant isolates (MRI) and 82 relatively susceptible isolates (RSI). Seventy-two MRI (88%) were in four genetically related ETs: ET1, ET2, ET8 and ET9; ET1 was found in 48 isolates, whereas the remaining MRI were in 10 ETs, and all RSI in 61 ETs. Three ETs contained both MRI and RSI. The mean coefficients of genetic diversity for the 10 enzyme loci among ETs and isolates were smaller for MRI than for RSI, while the modal ET of MRI resembled that of RSI. The epidemiological significance of isolates varied according to their ET. Thus, isolates belonging to ETl, ET2 and ET8 were responsible for outbreaks or for sporadic infections, whereas isolates of other ETs were responsible for only sporadic infections. The temporal distribution of ET1 isolates among hospitals identified seven outbreaks in seven clinical departments.
Introduction
Serratia marcescens is an important cause of nosocomial infections in the USA and several other parts of the world [l-61. This opportunist pathogen is frequently responsible for sporadic or epidemic infections, with the possibility of intra-hospital and inter-hospital spread [7] . The morbidity and mortality of these infections are generally due to the serious underlying diseases of patients and the multiple antibiotic resistance of infecting strains. Some of the strains causing nosocomial infections have been found to produce plasmid-mediated P-lactamases active against extended-spectrum cephalosporins [8-1 11.
The use of epidemiological markers is essential in order to determine the origin of infections and to help prevent patient-to-patient dissemination. Many methods can be used to identify the epidemiological type of isolates. Phenotypic methods, including serotyping, phage typing, bacteriocin typing, biotyping and antimicrobial susceptibility testing, have been used to study nosocomial outbreaks [ 12-141. However, molecular methods that investigate the polymorphism of DNA or proteins by electrophoresis of enzymes [15-191 or whole-cell and periplasmic proteins [17, 20, 211 , by DNA restriction endonuclease analysis [22] , or by plasmid profiles ribotyping [27, 281 and PCR fingerprinting [29] , can all be more discriminating than conventional methods. They also provide a better understanding of epidemiology by their capacity to evaluate the genetic relationships between isolates on the basis of comparisons of electrophoretic band patterns. Plasmid profiles have recently been used to classify multiresistant isolates by replicon typing [30] , but this technique is limited to the study of isolates with extra-chromosomal DNA, whereas ribotyping and PCR fingerprinting can usually be used for all isolates. The advantage of enzyme electrophoresis is the great specificity of the electrophoretic bands, as the mobility variants of each enzyme can be directly equated to alleles of a single locus. Earlier studies found that the great polymorphism of esterases makes them reliable molecular markers for differentiating between indivi-dual cens This ism bacterial strains and for investigating S. marcesnosocomial infections [15, 18, 19, 311. report describes the electrophoretic polymorphof five esterases and five other enzymes in isolates taken from 164 patients in several hospitals in the greater Paris region. The polymorphism was used to evaluate the genetic relationships between multiresistant isolates and to describe epidemic outbreaks and sporadic infections.
Materials and methods

Bacterial isolates
A total of 164 isolates suspected of causing nosocomial infections was taken fi-om 164 patients in various surgical and medical departments, including intensive care units, of four university hospitals in the greater Paris region. The isolates were obtained between July 1992 and March 1994 for hospitals A, B and C, and from November 1992 to January 1993 for hospital D. The 164 clinical isolates were assigned to one of four categories according to their origin: (i) 26 (16%) were fi-om blood (20) or intra-vascular catheters (6); (ii) 51 (31%) were from the urinary tract; (iii) 41 (25%) were from the respiratory tract (bronchial aspiration, bronchial fibroscopy, broncho-alveolar lavage); and (iv) 46 (28%) were of other origins (pus, 9; drains, 8; swabs, 5; skin or skin wounds, 5; miscellaneous, 19) (Table 1) . A second group of 104 isolates was collected under the same conditions between April 1994 and March 1995 from hospitals A, B and C. These were examined for a subsequent epidemiological study.
Isolates were identified as S. marcescens by the API 20E system (bioMkrieux, Marcy I'Etoile, France).
Antimicrobial susceptibility
Susceptibility to antimicrobial agents was tested by the disk diffusion method on Mueller-Hinton Agar (Sanofi Diagnostics Pasteur SA, Marnes-la-Coquette, France) in accordance with the recommendations of the Comitk 
Preparation of bacterial extracts
Bacteria were grown for 18 h at 37°C with constant agitation in L broth [34] without glucose and collected by centrifugation. The pellets were washed with 60 mM Tris-glycine buffer, pH 8.7, and resuspended in the same buffer. The cells were disrupted by intermittent sonication for 4min at 4°C and the sonicates were stored at -20°C until used.
Electrophoresis
Horizontal slab gel electrophoresis was performed in a composite polyacrylamide-agarose gel with acrylamide 7% w/v and a discontinuous Tris-glycine buffer, pH 8.7, at constant voltage (7 V/cm) until the bromopheno1 blue marker had run 13 cm [35, 361 . The mobility of each enzyme in each isolate was determined at least twice and isolates showing the same mobility for one enzyme were run side-by-side in the same gel for verification. The mobility variants of each enzyme were numbered in order of decreasing migration towards the anode (for nine enzymes) or towards the cathode (for one enzyme) and were interpreted as products of different alleles at the corresponding structural gene locus. Distinctive combinations of alleles over the 10 loci assayed (multilocus genotypes) were designated as electrophoretic types (ETs).
Specific enzyme staining
The 10 enzymes studied: mannitol 1-phosphate dehydrogenase (M 1 P), 3-hydroxybutyrate dehydrogenase (HBD), isocitrate dehydrogenase (IDH), glucose 6-phosphate dehydrogenase (G6P), acid phosphatase (ACP) and esterases (EST) were revealed within the gel by specific staining. ACP and esterases were stained as described by Uriel [37] ; the other enzymes were stained as described by Selander et al. [38] . The five esterases were classified according to the spectrum of their hydrolytic activity for the following synthetic substrates; a-and P-naphthyl acetates (aNA and P A ) , a-and P-naphthyl propionates (aNP and PNp), a-and P-naphthyl butyrates (aNB and pNB) and indoxyl acetate.
Genetic diversity
The coefficient of genetic diversity (GDC) of a locus was calculated as
, where xi is the frequency of the ith allele at the locus, n is the number of isolates (164) or ETs (72) in the sample, and n/(n -1) is a correction for bias in small samples [38] . Mean GDC is the arithmetic average of h over all loci assayed. The GDC among isolates reflects the genetic diversity of enzymes in the population of S. rnarcescens strains studied, whereas the GDC among ETs measures the genetic diversity of enzymes in S. rnarcescens clones (each corresponding to a distinct ET) without epidemiological bias.
Statistical analysis
The data were summarised in two 2-way tables. The first 
Results
Detection of enzyme bands
IDH gave a single band of activity, whereas M1P and HBD each gave one major anodal band and a slower migrating minor band; only the major band was considered in the electrophoretic analysis of isolates. The mobility of the faster migrating band of G6P was measured. ACP gave three main bands of hydrolytic activity, designated A, B and C in decreasing order of mobility. Seven variants were defined according to the mobility of the three bands: variant 1 was defined by the most frequent mobility for each band; variants 2 and 3 were defined, respectively, by a faster (2) or a slower (3) band A; variants 4 and 5 were defined, respectively, by a faster (4) or a slower ( 5 ) band B; variants 6 and 7 were defined by a faster (6) or slower (7) band C. Five types of esterases were biochemically defined [31] . Four of these migrated towards the anode: a-esterase (a-EST) hydrolysing aNA and aNP markedly and aNB weakly; B-esterase @-EST) hydrolysing B-naphthyl esters; ap-esterase (@EST) hydrolysing a and P naphthyl esters; indoxyl acetate esterase (indox-EST) hydrolysing indoxyl acetate rapidly and pNA slowly. One esterase migrated towards the cathode: (C a-EST), hydrolysing aNA markedly and aNP and pNA weakly. When two major bands were characterised as a-EST in an isolate, only the faster migrating band was used for analysis. Screening isolates by staining of esterase with aNA and pNA was useful. Some minor esterase bands which were revealed by these two substrates were not used to compare allelic variations between isolates, but could be usefbl for additional discrimination between isolates.
Electrophoretic types
All the 10 enzyme loci were polymorphic, with the number of alleles per locus (including null allele) varying fiom three (P-EST) to nine (HBD) ( Table 2) . No isolate had null alleles at more than two loci. The average number of alleles per locus was 6.1.
The allele profiles of the 164 isolates were compared to identify 72 distinct ETs (genotypes) among which the mean GDC was 0.646. Of the 72 ETs, 54 were each represented by a single isolate, and 18 were represented by multiple (2-48) isolates. The most common ET (29% of isolates) was designated ETl, and the 71 other ETs were classified according to the number of allelic variants distinct from those of ET1 (Table 3) . Thus, the ETs were divided into two groups depending on their genetic relationships with ET 1 : group I (ET1-ET35) contained ETs differing from ET1 by 3-6 allelic variants; group I1 (ET36-ET72) contained ETs differing fiom ET1 by 7-10 allelic variants. As a consequence of the multiple recovery of ETs, the mean GDC among isolates (0.544) was smaller than among ETs ( 
Genotypes according to antibiotic resistance
The 164 isolates were all resistant to amoxicillin, cephalothin and cefuroxime and susceptible to imipenem, but their susceptibility to the other antibiotics varied. Isolates resistant to at least three of the commonly used antibiotics (piperacillin, ticarcillin, cefoxitin, cefotaxime, gentamicin and tobramycin) were designated mutiresistant isolates (MRI), and the others were designated as relatively susceptible isolates (RSI). The numbers of MRI and RSI were the same. The 82 MRI corresponded to 14 ETs, and 79 isolates were classified in group I and only three isolates in group I1 (ET43, ET44 and ET56). In contrast, the 82 RSI were genetically more heterogeneous, with 61 ETs. RSI were more distantly related to ET1, with 41 isolates belonging to group 11.
Three genotypes (ET2, ET8 and ET20) included both MRI and RSI. Most of the MRI (88%) were in four genetically related ETs (ET1, ET2, ET8 and ET9). All the isolates of ET1 and ET9, and the MRI of ET2 and ET8 were resistant to ticarcillin, piperacillin, tetracycline and nalidixic acid, but their susceptibility to gentamicin, tobramycin, netilmicin, amikacin, chloramphenicol and trimethoprim-sulp hamethoxazole var- 3  2  3  3  3  3  3  3  3  3  3  3  3  2  3  2  3  3  3  3  2  3  3  3  3  2  2  2  2  6  2  2  2  3  2   3  3  4  5  3  3  3  3  3  4  3  5  3  3  3  4  3  3  2  3  3  3  5  4  3  3  3  4  4  2  3  5  3  4  3   2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  2  3  3  2  2  2  2  2  2  2  2  3  2  2  2  3  2 3  3  4  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  3  1  3  3  3  3  3  3  3  3  3  3  3   3  3  3  3  3  2  2  2  2  3  2  3  2  3  2  3  2  2  2  2  3  2  3  3  2  3  3  3  2  2  3  3  2  3 ied. Thus, 27 ET1 isolates were resistant to gentamicin, eight to tobramycin and netilmicin, 12 to chloramphenicol and 46 to trimethoprim-sulphamethoxazole. Six ET1 isolates, seven ET2 isolates and one ET8 isolate also produced extended-spectrum ,!3-lactamase.
The modal genotypes for MRI and RSI were constructed by taking the most frequent allele at each of the 10 enzyme loci in the 72 ETs. The modal ET of MRI was similar to that for RSI, with the exception of the C a-EST locus (Table 4) . Thus, the two populations have some similarities in their genetic framework.
The mean GDCs of ETs and of isolates for the 10 enzyme loci were higher for RSI than for MRI. However, for MRI, the mean GDCs were higher for the five esterases than for five other enzymes, whereas with RSI, the mean GDCs were higher for the five other enzymes than for esterases ( Table 5 ). The genetic differences between MRI and RSI revealed by the mean GDCs for esterases and for other enzymes were subsequently investigated by separate statistical analyses of the two categories of enzymes.
Statistical analysis
The dissimilarity between the 72 ETs studied by allelic variation of MlP, HBD, IDH, G6P and ACP was used to construct a dendrogram (Fig. 1) . Five clusters of ETs (A, B, C, D and E) can be distinguished. For RSI, the ETs were dispersed among the five clusters. For MRI, nine ETs, including ET1, ET2, ET8 and ET9, were found in cluster A; four ETs were in cluster E and only one ET was in cluster C. Thus, clusters B and D contained only ETs corresponding to RSI. In contrast, the dendrogram constructed from the esterase electrophoretic polymorphism data revealed a wide distribution of ETs for both RSI and MRI (data not shown).
Genotypes as epidemiological markers
The epidemiological significance of isolates in different clinical departments varied according to their genotype. Table 6 shows the distribution of isolates corresponding to the four most frequent ETs found in departments of the three main hospitals investigated between July 1992 and March 1994. The major features were the wide distribution of ET1 isolates (17 departments), and the predominance of ET2 isolates in one department (hospital C). Fig. 2 shows the temporal distribution of 45 ET1 isolates in 17 departments of hospitals A, B and C, and of 13 ET2 isolates in one department of hospital C. The diagram indicates a continuing involvement of ET 1 isolates in S. marcescens nosocomial infections, and describes epidemic episodes. The infected patients in six departments formed clusters of three-to-six cases over a 2-4-month period, with the possible resurgence of infection after a longer period (over 6 months). All ET1 isolates from departments A1 and A2 were sensitive to four aminoglycosides (gentamicin, tobramycin, netilmicin and amikacin), while all isolates from department A3 were resistant to gentamicin. In 10 other departments (A5 and A6, B2 to B7, and C3 and C4), only one or two patients were infected by ET1 isolates. The ET2 isolates were responsible for a prolonged outbreak (> 1 year) affecting 13 hospitalised patients in department C3. Seven isolates were resistant to the four aminoglycosides and produced extended-spectrum plactamase. In contrast to isolates of ET1 and ET2, the isolates belonging to other ETs isolated from July 1992 to March 1994 were responsible only for sporadic 
Discussion
Enzyme electrophoresis is currently used to study the genetic structure of bacterial populations and provides extensive data for systematics and epidemiology. In a previous study, Gargallo-Viola determined the genetic relationships between 99 S. marcescens isolates obtained from clinical and environmental sources in several countries, by analysing the allelic variations of gene loci coding for nine enzymes other than esterases [39] . Seven of the loci were polymorphic and 33 distinctive ETs representing genotypes were identified. The average number of alleles per locus was three, the GDC of ETs was 0.376 and the GDC of isolates was 0.315. The structure of the bacterial population was clonal.
This report describes the genotypes of 164 isolates from hospitalised patients, determined by the allelic variations of gene loci coding for five esterases and five other enzymes. All 10 enzyme loci were polymorphic and 72 ETs were identified. Because nine of the 10 enzymes were expressed in 96-100% of the ETs, we presume that the corresponding structural gene loci are located on the chromosome rather than on plasmids. The average number of alleles per locus (6.1), the GDC (0.646) of ETs and the GDC (0.544) of isolates were higher than those previously observed [39] . This difference may be due to the distinct origins of isolates and also in part to the nature of the enzymes studied, as a-EST, aP-EST, ACP and HBD are all highly polymorphic. The great genetic heterogeneity of the 164 isolates, indicated by multilocus electrophoresis, reinforces considerably the heterogeneity of isolates from hospitalised patients previously indicated by bacteriological methods [40] and ribotyping (41 ribotypes for 209 isolates) [28] .
This study compared the genetic structure of a significant number of multiresistant isolates with that of other S. rnarcescens isolates. Although these two isolate populations had some similarities in their genetic framework, the MRI were considerably less diverse in their genotype than were the RSI. The mean GDC of ETs and the mean GDC of isolates were significantly lower for MRI than for RSI. Thus, most MRI (72 isolates), could be assigned to one of four genetically related ETs (ET1, ET2, ET8 and ET9), whereas only three isolates (ET44, ET45 and ET56) differed significantly from the four most frequent ETs by eight or nine allelic variants. These findings were corroborated by the dendrogram computed from the electrophoretic polymorphism of MlP, HBD, IDH, G6P and ACP, showing that most MRI were in the same cluster. On the other hand, the wide distribution of ETs for both MRI and RSI in the dendrogram constructed from the esterase electrophoretic polymorphism data was in agreement with the mean GDCs of these enzymes, which were at the same level for the MRI and RSI. This indicates that the allelic variations of esterases were independent of the resistance of isolates to antibiotics. Nevertheless, Ca-EST was more frequently detected in MRI (95% of isolates), than in RSI (6%). The occurrence of several distantly related ETs among MRI correlates well with the expansion of plasmid resistance in S. marcescens populations [ l l , 23, 251. The diversity of phenotype patterns of antibiotic resistance among isolates belonging to the same ET could be explained by presence or absence of transferable elements carrying resistance genes. The propensity of plasmids to develop multiple resistance to antimicrobial agents, with a potential role as a gene reservoir for resistance to p-lactam agents and aminoglycosides, indicates the increasing risk of resistant infections in the future, both from the spread of bacterial agents themselves, and by dissemination of drug resistance by inter-or intra-species plasmid exchanges [25] . In this respect, enzyme electrophoresis is useful for evaluating the spread of a multiresistant strain, whereas plasmid profile determination is suitable for assessing the spread of a plasmid transferring drug resistance.
Epidemiological surveys of isolates based on enzyme genotyping provide a good way of describing outbreaks caused by specific isolates. Thus ET1 isolates, which were obtained throughout the investigation (July 1992 -March 1995 were responsible for seven epidemic outbreaks. During the same period, ET2 and ET8 isolates were each responsible for only one outbreak, while ET9 and ET22 isolates caused minor episodes. This survey unambiguously demonstrates the existence of independent cross-infections by genetically distinct isolates (ET1 and ET2) among patients hospitalised in the same department (C3) at the same time (Fig. 2) . The isolates belonging to ET1, ET2 and ET8 which caused epidemic outbreaks can be distinguished from each other and from the 69 remaining ETs by allelic variations in their esterases. The staining of electrophoretic bands with aNA and pNA could be used to screen isolates routinely for large scale epidemiological studies.
Extensive epidemiological investigation of each infected patient was required to determine how the nosocomial strains were introduced and disseminated. Nevertheless, the scattering of isolates belonging to the four most frequent ETs suggests that each of them could correspond to an endemic strain harboured by some individuals in the population. In conclusion, genotyping of S. marcescens by enzyme electrophoresis provides an accurate method of characterising clinical isolates. This allows the emergence and subsequent spread of multiresistant strains to be investigated, with confirmation or exclusion of possible epidemiological links between hospital infections.
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